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METHODS TO COM ERQL HEATTRANSEERJN FLUIDS CONTAINING DRAG- 
REDUCING AD DITIVES,,- 

Related Applications 

5 The present application is a continuation-in-part application of application 

serial no. 09/148,029, filed Sept. 3, 1998 which in turn was related to provisional 
patent application, serial no. 60/057,924, filed on Sept. 4, 1997, both of which 
are incorporated herein by reference as if set forth in their entirety. 

1 0 Background Of The Invention 

1 . Field of the Invention 

This invention relates to the recovery of the heat transfer in heat 
exchangers in circulation loops in which drag-reducing surfactant solutions are 
15 used for reduction of pumping power expended to pump heat exchanging fluid 
through the hydronic system. 

2. Descrip tion of the Prior Art 

Drag-reducing additives can decrease friction in pipes with all else being 
20 equal. This reduced pipe wail friction does result in a decrease in the pumping 
power necessary to circulate a fluid in a piping system, or alternatively could 
result in greater flow rate or even in ionger system reach than without additives. 
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A decrease in pumping power would save energy in many systems such as 
recirculating hydronic HVAC systems or other types where water or another fluid 
are used as thermal transport agent for cooling or heating. 

Unfortunately, if the system includes heat exchangers, the heat transfer is 
also greatly decreased by the additives and the heat exchangers show reduced 
efficiency, in the case of a cooling system, for example, the chiiler has to work 
with larger refrigerant temperature difference, and the energy savings in the 
pumps are countered by the additional chiller work, and the total energy savings 
may be reduced, eliminated, or there could even be a net increase in overall 
system energy use. A similar effect is seen in heating systems. By introducing a 
conventional heat transfer enhancement device it is possible to modify the flow 
and to increase heat transfer as in the case of water, but this is generally not a 
suitable solution because the losses due to the insert are too high in many 
cases. 

Drag-reducing surfactant solutions have been used for reducing pumping 
power in circulation systems under turbulent flow conditions. The reduced heat 
transfer that inevitably accompanies drag reduction in any turbulent pipe flow 
was accepted as an undesirable by-effect in most applications or uses. Special 
types of heat exchangers, iike plate heat exchangers, which make use of narrow 
passages instead of pipes, show smaller heat and drag reductions. In general, 
however, the application of drag-reducing additives in any circulation system that 
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includes heat transfer in most possible applications is inhibited by reduction of 
heat transfer efficiency in the heat exchangers. 

What is needed is an apparatus and method whereby the use of any type 
of heat exchanger with drag-reducing surfactant additives can be realized 
5 without substantial or excessive reduction in heat transfer. 

Brief Summary Of The Invention 

Instead of modifying just the flow, it is possible to modify the fluid 
temporarily by a suitable fluid degrading device. This has to be done so as not 

1 0 to require too much flow work, but yet to still destroy the fluid structure for a 
suitable period of time sufficient to cover the residence time of the fluid in the 
heat exchanger. According to the invention it is possible to customize the fluid to 
achieve the desirable recovery time needed. This can then be used to control 
heat transfer. This may also be done in some cases done through a 

15 temperature jump. 

According to the invention it is possible to find or develop a fluid that 
would have suitable characteristics so as to optimize the application of the 
invented method of heat transfer control by achieving the temperature 
independence of drag reducing, degradation and recovery characteristics of the 

20 drag reducing surfactant solution. 
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More particularly the invention is an improvement in a heat exchanger 
comprising a surfactant solution flowing through the heat exchanger which 
reduces fluid drag within the hydronic system. 

The surfactant solution is characterized by a predetermined recovery time 

5 as defined by ability of the surfactant solution to rebuild molecular or miceilar 
structures after disruption of the molecular or miceilar structures. A degrading 
device creates a stress field in or before the heat exchanger to break or disrupt 
the molecular or miceilar structures in the surfactant solution by high local shear 
stresses so that heat transfer rate of the surfactant solution is increased, by 

1 0 elimination of drag and heat transfer reducing ability of the degraded surfactant 
solution for a predetermined distance downstream from the degrading device 
during which recovery time the molecular or miceilar structures are being rebuilt. 
The term "solution" is used in the specification and claims to encompass not only 
a soiute in a solvent, but also mixtures of components and colloidal suspensions 

15 of a colloid. 

The invention is also defined as a method of heat exchange comprising 
the steps of providing a surfactant solution as a heat exchanging fluid in a heat 
exchanger, which surfactant solution reduces fluid drag within the heat 
exchanger disposed in the heat exchanger. The surfactant solution is 
20 characterized by a predetermined recovery time as defined by ability of the 

surfactant solution to rebuild molecular or miceilar structures after disruption of 
the molecular or miceilar structures. The flow in the heat exchanger is disturbed 
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to break or disrupt the molecular or miceliar structures in the surfactant solution 
by high locai shear stresses so that heat transfer rate of the surfactant solution is 
increased by elimination of drag and heat transfer reducing abiiity of the 
degraded surfactant solution for a predetermined distance downstream from the 
5 disturbance during the recovery time, during which the molecular or miceilar 
structures are being rebuilt. 

The invention is still further defined as a method of heat transfer recovery 
in turbulent flow of drag reducing surfactant solutions comprising the steps of 
providing a degrading device which degrades the fluid with minimum pressure 
10 drop, creating temporary degradation of a circulating fluid, and conditioning of 
the drag reducing fluid properties relevant for degradation and recovery. 

The invention is also the fluid itself which has optimized properties of 
stress resistance and recovery comprising a thermal transport fluid, such as 
water, and a surfactant additive capable of withstanding stress in all pipes and 
15 fittings of a circulation system and providing asymptotic drag reduction in the 
pipelines of the circulation system. 

in a heat, exchanger the fluid is degraded by a degrading device. The 
drag and heat transfer reductions are temporarily substantially eliminated. The 
fluid remaining substantially degraded during its residence in the heat exchanger 
20 after which recovery occurs quickly after the fluid exits from heat exchanger, 
in one embodiment the fluid and surfactant in combination are 
characterized by a drag reduction recovery having a long dead time when the 
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drag-reduction has been essentially eiiminated-and a subsequent fast recovery 
to a substantially undegraded drag reduction level. 

The invention is still further defined as a fluid having optimized properties 
of degradation and recovery comprising a thermal transport fluid, such as water, 
5 and a surfactant additive having, when added to thermal transport fluid, a 

substantial independence of recovery and degradation properties as a function of 
temperature. The surfactant additive comprises two or more types of surfactants 
with opposing effects of degradation and recovery parameters as a function of 
temperature. The additive may comprise a cationic surfactant and a nonionic 
1 0 surfactant, or any other combination of surfactants now known or later devised, 
which combination is temperature independent or substantially temperature 
independent. The opposing effects of the two or more types of surfactants (e.g. 
cationic surfactant and nonionic surfactant) substantially cancel each other to 
provide a substantially temperature independent surfactant additive. 
1 5 The invention is also a heat exchanger comprising a first heat exchanging 

fluid path, and a second heat exchanging fluid path. At least one of the first and 
second heat exchanging fluid paths further comprises a dedicated degrading 
device disposed therein. A heat exchanging fluid with a temporarily degradable 
drag reducing surfactant additive flows in the corresponding heat exchanging 
20 fluid path. 

The dedicated device is used exclusively for degrading a heat exchanging 
fluid flowing through the heat exchanger. The most effective dedicated 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14455 PCT/US99/20220 

7 

degrading device imposes a flow disturbance or shear stress uniformly across a 
cross section of the corresponding heat exchanging fluid path in which the 
dedicated degrading device is disposed. The dedicated degrading device 
exposes every surfactant particle flowing in the corresponding heat exchanging 
5 fluid path to at least a supercritical stress, which is the amount of stress sufficient 
to substantially eliminate the drag reducing characteristics of the surfactant 
solution. The stress imposed by the dedicated degrading device is not 
significantly higher than the supercritical stress so that the flow energy needed 
for degradation is minimized. Ideally, the dedicated degrading device is 

1 0 disposed at or near an inlet to the corresponding heat exchanging fluid path. 

In the preferred embodiment, the dedicated degrading device comprises a 
wire mesh disposed across the corresponding heat exchanging fluid path, which 
also functions as a filter. It is to be expressly understood that many other types 
of dedicated degrading devices are expressly within the scope of the invention 

15 other than mesh obstructions, including specifically devices which do not create 
an uniform fluid stress, such as valves, pumps, filters, helices, orifices, wires and 
the like. 

Again the invention can be defined as a heat exchanger comprising a first 
heat exchanging fluid path, and a second heat exchanging fluid path, wherein at 
20 least a corresponding one of the first and second heat exchanging fluid paths 
further comprises a conventional hydraulic component normally found in a 
circulation system. The hydraulic component is disposed upstream and in 
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proximity to the corresponding heat exchanging fluid path. A heat exchanging 
fluid with a temporarily degradable drag reducing surfactant additive is disposed 
in the corresponding heat exchanging fluid path. 

The invention is defined as a method of heat transfer recovery in turbulent 
5 flow in a heat exchanger of a drag reducing surfactant fluid characterized by drag 
reducing fluid properties for degradation and recovery comprising the steps of 
conditioning the drag reducing fluid properties of the drag reducing surfactant 
fluid. A degrading device is provided which degrades the fluid with minimum 
pressure drop. An initial temporary degradation of a circulating fluid is created, 

10 and after the fluid is initially degraded one or more smaller disturbances are 
created downstream to prevent fluid from recovery. A smaller pressure drop 
than the one used for the initial degradation upstream of heat exchanger can be 
used to create the smaller disturbances. 

in one embodiment the step of conditioning the drag reducing fluid 

1 5 properties of the drag reducing surfactant fluid comprises conditioning the fluid 
so that it has a faster recovery to achieve asymptotic drag reduction immediately 
downstream from the heat exchanger. 

In another embodiment the step of conditioning the drag reducing fluid 
properties of the drag reducing surfactant fluid comprises conditioning the fluid 

20 so that shear stress generated by pipe stress in the heat exchanging fluid paths 
of the heat exchanger degrade the fiuid. 
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In still a further embodiment the step of conditioning the drag reducing 
fluid properties of the drag reducing surfactant fluid comprises conditioning the 
fluid so that shear stress generated by pipe stress in the heat exchanging fluid 
paths of the heat exchanger prevents the fluid which has been degraded by the 
degrading device from recovering. 

The invention is stiil further defined as a fluid characterized by 
degradation and recovery of its drag reducing properties. The fluid comprises a 
base component and a surfactant having drag-reducing, fluid degradation, and 
fluid recovery properties which are substantially independent of temperature 
when combined with the base component. 

The invention is also defined as a method of determining the elimination 
of drag reducing properties in a fluid including a surfactant comprising the steps 
of providing a flow of the fluid, providing a degrading device in the flow to 
eliminate the drag reducing properties of the fluid, creating a pressure drop 
across the degrading device, and measuring the pressure drop as an indicator of 
resistance to elimination of the drag reducing properties in the fluid. 

The invention now having been briefly summarized, it may now be 
visualized by reference to the following drawings wherein like elements are 
referenced by like numerals. 

Brief Description of the Drawings 

Fig. 1 is a diagram symbolically depicting a heat exchanger. 
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Fig. 2 is a simplified perspective of a fluid degrading device comprised of 
a grid or screen insert. 

Fig. 3 is a graph showing the drag reduction capacity of a surfactant 
solution as a function of time after the location of the degrading device exerting 
5 the pressure drop needed for the full degradation. 

Fig. 4 is a graph of recovery time versus temperature of the surfactant 
solution for two "opposite" surfactants (e.g. a cationic and nonionic surfactant 
solution). 

The invention and its various embodiments can now be understood by 
10 turning to the following detailed description. 



Detailed Description Of the Preferred Embodiments 

Sufficient mechanical stress imposed on a fluid breaks the micellar 
structures or micelles themselves, which are the agents affecting turbulence in 

15 the flow and causing the drag reduction phenomenon. In this way drag reduction 
and heat transfer reduction are temporarily turned off. Fig. 1 is a symbolic 
depiction of a heat exchanger, generally denoted by reference numeral 12. Heat 
exchanger 12 has a first heat exchanging fluid path 14 in heat exchange 
relationship with a second heat exchanging fluid path 16,. A first fluid flows 

20 through fluid path 14 and absorbs heat from a second fluid flowing through fluid 
path 16. Fig. 1 shows a counterflow heat exchanger, but any type or design heat 
exchanger desired could be employed and the symbolic depiction of Fig. 1 is 
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meant to encompass all types. Heat exchanger 12 may be part of any hydronic 
system 24 now known or later devised, expressly including any heating or 
cooling application, or combination of heating and cooling. 

in one embodiment, a recirculation loop 24 is provided in one of the fluid 
5 paths 16 by which fluid is pumped from outlet 26 by pump 22 to a point at or 
immediately upstream from inlet 10 to increase the flow rate of fluid through heat 
exchanger 12 relative to the rest of the hydronic system. By this increased flow 
rate through the heat exchanger, the heat transfer rate is increased by two 
mechanisms. First, increased flow velocity increases the shear stress in the heat 

10 exchanger pipes and causes degradation of the surfactant solution (change of 
the fluid properties). Second, increased velocity directly increases heat transfer 
by increased turbulence (change in the flow). The total effect can provide even a 
higher heat transfer rate than it was originally, without the use of surfactant 
additive, at the nominal flow rate through the heat exchanger 

1 5 The first and/or second fluid can be mechanically degraded at the 

corresponding inlet 10 to the heat exchanger 12 for each fluid by a degrading 
device 1 8, providing the same level of heat transfer as with water for circulating 
fluid, as long as the fluid remains degraded. Any type of degrading device 18 
which applies stress to the fluid to create turbulence to break the micelles or their 

20 structure, which device is now known or later devised, may be employed. Fig. 2 
shows by way of example only an insert comprised of a grid or mesh screen 20 
disposed across the inner diameter of the pipe. A plate provided with a plurality 
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of apertures or a grating would be included within the explicit range of 
equivalents of a grid or screen insert, and so wouid various other devices 
including wire loops, wall roughnesses, helices, and any other structure capable 
of creating fluid stress. 
5 Immediately after the excessive stress is removed from the fluid such as 

occurs when the fluid flows downstream from device 18, the process of 
rebuilding of micelles and miceliar structures begins. The time needed for the 
total recovery of the fluid drag-reducing ability (hereinafter the "recovery time") 
should be long enough that the fluid does not show any significant local heat 

10 transfer reduction over the residence time of the fluid in heat exchanger 12. An 
ideal fluid is degraded by degrading device 18 exerting a moderate pressure 
drop on the flow, but a higher pressure drop than exerted by conventional pipe 
fittings such as elbows and connectors. The fluid remains totally degraded 
during its residence time in heat exchanger 12, and recovers quickly as soon as 

1 5 it exits heat exchanger 1 2. 

Fluid properties can be optimized for this purpose, as can the design of 
degrading device 18 by any one of a number of ways now known or later devised 
without departing from the scope and spirit of the claimed invention. Different 
variations on the basic idea are possible, depending on the size and the type of 

20 the circulation system in which heat exchanger 12 is included. For example, 
fluids with a long recovery time may not be provided with additional degradation 
devices 18 inside heat exchanger 12 beyond an initial degradation device 18, as 
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may be suited for large heat exchangers, while fluids with a short recovery time 
are provided with muitipie degrading devices 18 inside heat exchanger 12, as 
may be suited for smail heat exchangers. 

A speciai case is a weak fluid degraded by the relatively high or higher 

5 than normal wail shear stress in heat exchanger 12. A weak fluid is defined as a 
fluid with a low critical wall shear stress and/or iong recovery time, such as a 
shear stress close to the level normally encountered in a pipe at nominal fluid 
velocity. Examples of weak fluids include, but are not limited to lower 
concentration solutions, and solutions close to their critical temperatures. 

10 Elements of the circulation system like conventional pumps, filters, and 

flow control valves can be used as degrading devices 18 for degradation if 
located upstream of heat exchanger 12, thereby eliminating the need for a 
dedicated degrading device 18, and avoiding the need for an additional pressure 
drop in the system. 

15 Drag-reducing surfactant solutions reduce friction losses in turbulent pipe 

flow. However, when the turbulent exchange of momentum is reduced, so is the 
turbulent exchange of heat. As a result, the heat transfer in the pipes in heat 
exchanger 12 is reduced too, impairing or prohibiting the use of drag-reducing in 
systems that involve most types of heat exchangers 12. The conventional 

20 techniques used for increasing heat transfer by turbulence enhancement for 
Newtonian non-drag reducing fluids are effective in increasing heat transfer only 
up to a factor of 2 to 3 times, and then become prohibitively inefficient, because 
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of exceedingly high pressure drops in the case where the heat transfer has to be- 
increased by factor of 10, such as in asymptotic drag reduction, which is defined 
as the maximal drag reduction that can be achieved by drag-reducing additives, 
typically up to 90% at high enough velocities. 
5 According to the invention the surfactant solution in the heat exchanging 

fluid or fluids is temporarily degraded preferably for the time the fluids spends in 
heat exchanger 12, and during that time temporarily loses its properties of drag 
and heat transfer reduction. The degraded fluid preferably recovers as soon as 
possible after it exits from heat exchanger 12 to provide desirable drag reduction 

10 in the rest of the circulation system. 

The most generally applicable means of temporary degradation is by 
mechanical stress. As discussed above in connection with Fig. 1 the basic and 
ideal principle is that the fluid is degraded by degrading device 18 at the very 
inlet 10 to heat exchanger 12, after which it remains completely degraded for the 

15 time it spends in heat exchanger 12. The fluid recovers immediately and 
completely as it exits heat exchanger 12. However, the scope of the invention 
explicitly includes the disposition of an initial degrading device 18 at any position 
within in heat exchanger 12. If desired additional degrading devices 18 may be 
placed at any position downstream from the initial device 18. In the case where 

20 multiple degrading devices 18 are used, it is not necessary that they be identical 
in design or that identical designs be used in both flow fluid paths 14 and 16. 
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It must be expressly understood that white mechanically induced stress on 
the fluid is preferred, the stress may be created on the heat exchanging fluid by 
any mechanism desired including hydrodynamic. ultrasonic, eiectromagnetic, 
temperature jumps, or by any other means known or later discovered. 

5 Several concepts are needed for description of the degradation and 

recovery phenomena utilized in the invention, namely: (1) a state of complete 
degradation (zero drag reduction and zero heat transfer reduction), (2) the 
pressure drop on the degrading device (i.e. amount of energy for a unit 
volumetric flow rate) needed for complete degradation, and (3) the recovery time. 

10 The recovery time consists of a dead or hidden recovery time T1 with no signs of 
recovering drag reduction, and a time T2 of approximately linearly increasing 
drag reduction until T3 when full drag reduction is recovered as diagrammaticaliy 
depicted in Fig. 3. Related, but not identical to the pressure drop needed for the 
full degradation, is the critical shear stress, which is the wall shear stress in the 

15 pipe flow above which degradation starts at steady flow conditions. The 
difference between the two is that degradation by a device 18 is local, implying a 
very short time .of exposure, whereas the critical wall shear stress is defined 
under steady flow conditions or an unlimited exposure time. For example, with 
1,000 ppm of SPE95285 (a non-ionic surfactant by AKZO-Nobei Chemicals), the 

20 critical pressure drop on the local degradation device is 0.15 bar, whereas at the 
critical wall shear stress of 350 Pa over the length of 0.3 m of 15.2mm diameter 
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pipe is needed for close to complete degradation, or what amounts to a total 
pressure drop of 0.35 bar over the 0.3m pipe length. 

According to the invention the fluid should be designed for optimal heat 
transfer control. The critical shear stress and pressure drop needed for 
degradation, the energy needed for degradation, and the recovery time are three 
relevant parameters in the operation ciaimed method. They are normally 
coupled. Stronger fluids, which is to say fluids with higher concentrations of 
surfactant, typically show a higher drag-reducing ability, a higher pressure drop 
needed for degradation, and a shorter recovery time. Examples of stronger 
fluids include, but are not limited to SPE95285 at 1.000 ppm in water at a 
temperature greater than 20 C or Ethoquad T13 (by AKZO Chemicals) at 1,000 
ppm and a temperature lower than 25 C. The mixing of surfactants, the addition 
of nonsurfactant additives such as alcohols and salts, nameiy counter ion for 
cationic surfactants, can change those relationships, allowing better optimization 
of fluid properties. 

For example, the addition of n-decanoi to Ethoquad T13 a surfactant 
manufactured by AKZO-Nobel Chemicals located at Stenungsund, Sweden, 
decreases fluid drag-reducing ability and increases the recovery time T1 + T2. 
For example, 1,000 ppm by volume of n-decanol added to a 3,000 ppm solution 
of SPE95285 surfactant in water at a temperature of 9 C decreases the fluid 
drag-reducing ability from 70% to 50% under comparable conditions, and 
increases the recovery time, T1 + T2, from 3 to 1 0 seconds. If enough surfactant 
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is added to the solution to recover its drag reducing ability to the level before 
alcohol was added, the recovery time T1 + T2 of the fully degraded fluid is still 
about two times higher than for the original solution. Alcohol can thus be used to 
increase recovery time of the fluid, whiie maintaining its drag-reducing ability. 
5 All surfactant solutions have their properties strongly dependent on 

temperature, as it can be readily seen from their phase diagrams (temperature, 
concentration, phase changes). For example, the recovery time of the 
SPE95285 surfactant in a cooling system is approximately halved as the 
temperature changes from 10 to 14 Celsius as depicted in Fig. 4. A similar 
10 mechanism operates in the case of heating systems operating in the range of 75 
to 100 Celsius or even broader temperature ranges. Most cooling or heating 
systems work between fixed temperatures (ranging from 5 to 10 Celsius for 
cooling, for example). This means that optimization of the fluid properties cannot 
be done for both ends of the temperature range if the recovery time is a function 
15 of the temperature, resulting in reduced pumping power savings. The overly 
long recovery time needed to maintain the full heat transfer capacity of all heat 
exchangers reduces the total pumping power savings. The cationic surfactant 
Ethoquad, and apparently most cationtc surfactants in general, on the one hand, 
and nonionic surfactants, on the other, have their phase diagrams as mirror 
20 images of each other in terms of temperature as depicted in Fig. 4. This means 
that for the nonionic surfactant the recovery time increases with reduced 
temperature. This corresponds to the transition from rod-like to globular 
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micelles. The same phenomenon causes an increase in the recovery time for 
the cationic surfactant at increased temperature. Mixing two surfactants with 
opposite temperature dependence of recovery time (e.g. Ethoquad and 
SPE95285), makes their degradation and recovery properties almost 
5 temperature independent, which contributes greatly to optimized fluid 
characteristics in terms of adequate heat transfer control. For exampie, a 
mixture of 700 ppm by volume of Ethoquad T13 and 700 ppm of SPE95285 
surfactant in water results in a mixture in which the recovery time varies no more 
than 20 % over a temperature range from 8 C to 12 C. 

10 In the most general case, degrading device 18 is placed immediately 

upstream of heat exchanger 12 for the purpose of temporarily degrading the fluid 
by imposing a high enough mechanicai stress needed for breaking the miceilar 
structures. A certain pressure drop on the degrading device, corresponding to a 
certain flow work per unit of the flow rate, is needed for degradation. Not all of 

15 this pressure drop is actually used for degradation work. A large part of it is 
dissipated in viscous effects. For exampie, in the case of a wire mesh degrading 
device, approximately 5% or iess of the energy is used for degradation of the 
fluid and the remainder is dissipated in viscous effects. 

The most effective degrading device 18 is one which can achieve total 

20 degradation of the fluid with the minimum pressure drop. The circulation pump 
must provide this pressure drop which reduces the total pumping power savings. 
The most effective degrading device 18 is a distributed device, like a wire mesh 
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20 placed across the pipe cross section as shown in Fig. 2. The wire mesh 20 is • 
about twice as effective as a conventional throttling vaive. For example, total 
degradation is achieved with a pressure drop of 2 psi using mesh 20 as 
compared to the needed pressure drop of 3.5 psi for a throttling valve. This 
5 difference can be explained by the uniformity of the stress imposed on the all 
fluid particles flowing through mesh 20. Nowhere in the total cross section is the 
stress higher than needed for the total degradation, and all fluid particles are 
exposed to the necessary stress. In a conventional valve or other throttling 
device, if the stress imposed on the fluid in the center of the orifice of the vaive is 
10 high enough for degradation, the stress close to the orifice edge is much higher 
than needed for degradation, resulting in unnecessarily high pressure drop on 
the throttling valve. 

Pumps and flow control valves are elements of circulating systems, which 
dissipate locally large amounts of flow energy. Pumps, with a typical efficiency 
15 of 70% dissipate the remaining 30% of the total pumping power through viscous 
losses. That viscous loss work breaks the micelles. If the pump is appropriately 
located with respect to heat exchanger 12, such as upstream of the chiller in the 
cooiing system, it takes care of heat transfer recovery in the chiller without the 
need for a additional degrading device 18 and its associated pressure drop. 
20 Flow control valves normally installed for any cooling or heating coil 

impose typically 5 psi pressure drop even when open, and can be used to do the 
degradation job for those types of heat exchangers 12 using any surfactant 
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soiution with iong enough recovery time to be useful for this type of application. 
Altogether, no dedicated degradation device 18, i.e. no additional pressure drop, 
may in fact be needed for the whole cooling or heating hydronic system using a 
typical surfactant solution (e.g. 1,500 ppm of SPE95285 at 8 °C), if the flow 
5 control valves and pump are appropriately located with respect to heat 
exchanger 12. 

In a small circulating system it may be unacceptable to lose drag-reducing 
effects in long sections of pipes downstream of heat exchanger 12. This may be 
the case especially if the fluid shows a linear recovery immediately after 

10 degradation without a dead time to prevent any significant recovery of the 
degraded fluid during its residence in heat exchanger 12. As an alternative, a 
fluid with a short recovery time may be used, such as a 1,500 ppm of SPE95285 
at 20 C, giving a recovery time of less than 5 seconds. However, such a fluid, 
once degraded at inlet 10 to heat exchanger 12, should be prevented from 

15 recovering in heat exchanger 12. This may be achieved by imposing high local 
stresses in heat exchanger 12 by installing inserts or devices 18 at regular 
spacing in heat exchanger fluid paths 14 and/or 16. The pressure drop on those 
inserts or devices 18 can be significantly lower than the pressure drop on the 
initial degrading device 18 needed for the initial degradation at inlet 10 to heat 

20 exchanger 12, while still preventing the recovery of the fluid. For example, the 
grid spacing of screen 20 may be larger in devices 18 downstream from the initial 
device 18 at inlet 10 than the grid of the latter . This is another source of energy 
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savings. After exiting heat exchanger 12, the fluid can then recover very quickly, 
providing high levei of drag reduction immediately downstream of heat 
exchanger 12. For example, a pressure drop greater than 1.4 psi is needed to 
degrade fully the fluid initially, whereas additional meshes with oniy 0.8 psi 
5 pressure drop and spaced 1 .2 m apart can prevent recovery of the fluid. 

Some fluids can have a high level of drag-reducing ability, which is close 
to asymptotic, and a very short recovery time, but relatively low critical shear 
stress or wall shear stress in the pipe which degrades the fluid in the steady flow 
condition at flow velocities only slightly higher than 2 m/s in a Yz pipe. Examples 
10 of such fluids are mixtures of SPE95285 and Ethoquad T13 after long-term 
recirculation. If the flow velocity in a heat exchanger is maintained above this 
critical velocity, there will be no drag and heat transfer reduction in heat 
exchanger 12. Of course, the wall shear stress must be kept lower in the rest of 
the system. Such a fluid may be degraded in conventional pipe fittings, but 
1 5 because of its fast recovery no significant total drag reducing effect is tost. In the 
case of the fluid above, the recovery occurs within 3 seconds. 

A degrading device may be used at the inlet 10 to heat exchanger 12 
when using a weak fluid, such as that above. However, a higher shear stress in 
heat exchanger fluid paths 14 and 16 as compared to the stress in the rest of the 
20 system can then be used to prevent fluid from recovering in heat exchanger 12, 
thereby providing the benefits of a short recovery time, as explained above. 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14455 PCT/US99/20220 

22 

Many alterations and modifications may be made by those having ordinary 
skiit in the art without departing from the spirit and scope of the invention. While 
many of the specific above examples are given m terms of cooling systems, it 
must be emphasized that the invention applies with equal appiicabiiity to heating 
5 systems and applications. Therefore, it must be understood that the illustrated 
embodiment has been set forth only for the purposes of example and that it 
should not be taken as limiting the invention as defined by the following claims. 

The words used in this specification to describe the invention and its 
various embodiments are to be understood not only in the sense of their 
10 commonly defined meanings, but to include by special definition in this 

specification structure, material or acts beyond the scope of the commonly 
defined meanings. Thus if an element can be understood in the context of this 
specification as including more than one meaning, then its use in a ciaim must 
be understood as being generic to ail possible meanings supported by the 
1 5 specification and by the word itself. 

The definitions of the words or elements of the following claims are, 
therefore, defined in this specification to include not only the combination of 
elements which are literally set forth, but all equivalent structure, material or acts 
for performing substantially the same function in substantially the same way to 
20 obtain substantially the same result. In this sense it is therefore contemplated 

that an equivalent substitution of two or more elements may be made for any one 
of the elements in the claims below or that a single element may be substituted 
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for two or more elements in a claim. 

Insubstantial changes from the claimed subject matter as viewed by a 
person with ordinary skiil in the art, now known or later devised, are expressly 
contemplated as being equivaiently within the scope of the claims. Therefore, 
obvious substitutions now or later known to one with ordinary skill in the art are 
defined to be within the scope of the defined elements. 

The claims are thus to be understood to include what is specifically 
illustrated and described above, what is conceptionally equivalent, what can be 
obviously substituted and also what essentially incorporates the essential idea of 
the invention. 
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We claim. 

1 1 . An improvement in a hydronic system including a heat exchanger 

2 when using a drag-reducing surfactant solution as a thermal distribution fluid 

3 comprising: 

4 a surfactant solution flowing through said heat exchanger, which 

5 surfactant reduces fluid drag within said hydronic system, but not necessarily 

6 within said heat exchanger, said surfactant solution characterized by an 

7 optimized recovery time as defined by ability of said surfactant solution to rebuild 

8 molecular or miceilar structures after disruption of said molecular or micellar 

9 structures; and 

10 a fluid degradation device to create temporary fluid degradation in said 

1 1 heat exchanger to break or disrupt said molecular or micellar structures in said 

12 surfactant solution by high local shear stresses so that heat transfer rate of said 

1 3 surfactant solution is increased in the heat exchanger for a predetermined 

14 distance or time downstream from said degradation device, during which 

1 5 recovery time said molecular or micellar structures are being rebuilt, subsequent 

16 to which full drag and heat transfer reductions are again achieved, 
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17 whereby heat exchanger efficiency is recovered to an original level 

18 obtained without surfactant to achieve overall energy savings in said hydronic 

19 system. 

1 2. An improvement in a method of heat exchange in a hydronic 

2 system comprising: 

3 providing a surfactant solution as a heat exchanging fluid in a heat 

4 exchanger included within said hydronic system, which surfactant solution 

5 reduces fluid drag within said hydronic system, said surfactant solution 

6 characterized by a predetermined recovery time as defined by ability of said 

7 surfactant solution to rebuild molecular or miceilar structures after disruption of 

8 said molecular or miceilar structures; and disturbing flow in said heat exchanger 

9 to break or disrupt said molecular or miceilar structures in said surfactant 

1 0 solution by high locai shear stresses so that heat transfer rate of said surfactant 

1 1 solution is returned to a level approximating heat transfer rate of said heat 

1 2 exchanging fluid without said surfactant added for a predetermined distance 

13 downstream from said disturbance during said recovery time during which said 

14 molecular or miceilar structures are being rebuilt. 

1 3. A method of heat transfer recovery in turbulent flow of drag 

2 reducing surfactant solutions comprising 
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3 providing a degrading device which degrades the fluid with minimum 

4 pressure drop; 

5 creating temporary degradation of a circulating fluid: and 

6 conditioning of the drag reducing fluid properties relevant for degradation 

7 and recovery. 



1 4. A fluid having optimized properties of degradation and recovery 

2 comprising: 

3 a thermal transport fluid; and 

4 a surfactant additive capable of withstanding stress in ail pipes and fittings 

5 of a circulation system and providing asymptotic drag reduction in straight pipes, 

6 and some drag reduction in fittings, whereas in a heat exchanger in which said 

7 fluid is degraded by a degrading device, the drag and heat transfer reductions 

8 are temporariiy substantially eliminated, said fluid remaining substantially 

9 degraded during its residence in said heat exchanger after which recovery 
1 0 occurs quickly after said fluid exits from heat exchanger. 

11 



1 5. The fluid of claim 4 where said fluid and surfactant in combination 

2 are characterized by a drag reduction recovery having a long dead time at 

3 substantially reduced drag reduction and a fast recovery to a substantially 

4 undegraded drag reduction level. 
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1 6. A fluid having optimized properties of degradation and recovery 

2 comprising: 

3 a thermal transport fluid; and 

4 a surfactant additive having, when added to said thermal transport fluid, a 

5 substantial independence of drag-reducing ability, degradation, and recovery 

6 properties as a function of temperature. 

1 7. The fluid of ciaim 6 wherein said surfactant additive comprises a 

2 mixture of surfactants with opposing effects of temperature on drag-reducing 

3 ability, degradation, and recovery time. 

1 8. The fluid of claim 7 where said mixture of surfactants comprises a 

2 cationic surfactant and a nonionic surfactant in which opposing effects of said 

3 cationic surfactant and nonionic surfactant substantially cancel each other to 

4 provide a substantially temperature independent surfactant additive. 

1 9. A heat exchanger comprising: 

2 a first heat exchanging fluid path; 

3 a second heat exchanging fluid path, wherein at least one of said first and 

4 second heat exchanging fluid paths further comprises a dedicated degrading 

5 device disposed therein; and 
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6 a heat exchanging fluid with a temporarily degradabie drag reducing 

7 surfactant additive disposed in said corresponding heat exchanging fluid path. 

1 10. The heat exchanger of claim 9 wherein said dedicated device is 

2 used exclusively for degrading a heat exchanging fluid flowing through said heat 

3 exchanger. 



1 11. The heat exchanger of claim 9 wherein said dedicated degrading 

2 device imposes a flow disturbance or shear stress uniformly across a cross 

3 section of said corresponding heat exchanging fluid path in which said dedicated 

4 degrading device is disposed. 



1 12. The heat exchanger of claim 1 1 wherein said dedicated degrading 

2 device exposes every surfactant particle flowing in said corresponding heat 

3 exchanging fluid path to at least a supercritical stress. 



1 13. The heat exchanger of claim 12 wherein said stress imposed by 

2 said dedicated degrading device is not significantly higher than said supercritical 

3 stress so that the flow energy needed for degradation is minimized. 



SUBSTITUTE SHEET (RULE 26) 



WO 00/14455 PCT/US99/20220 

29 

1 14. The heat exchanger of ciaim 9 wherein said dedicated degrading 

2 device is disposed at or near an iniet to said corresponding heat exchanging fluid 

3 path. 

1 15. The heat exchanger of claim 9 wherein said dedicated degrading 

2 device comprises a wire mesh disposed across said corresponding heat 

3 exchanging fluid path. 

1 16. The heat exchanger of claim 15 wherein said wire mesh also 

2 functions as a filter. 

1 17. A heat exchanger comprising: 

2 a first heat exchanging fluid path; 

3 a second heat exchanging fluid path, wherein at least a corresponding 

4 one of said first and second heat exchanging fluid paths further comprises a 

5 conventional hydrauiic component normally found in a circulation system, which 

6 hydrauiic component is disposed upstream and in proximity to said 

7 corresponding heat exchanging fluid path; and 

8 a heat exchanging fluid with a temporarily degradable drag reducing 

9 surfactant additive disposed in said corresponding heat exchanging fluid path. 
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1 18. A method of heat transfer recovery in turbulent flow in a heat 

2 exchanger by means of a drag reducing surfactant fluid characterized by 

3 degradation and recovery of drag reducing fluid properties comprising: 

4 conditioning said drag reducing fluid properties of said drag reducing 

5 surfactant fluid; 

6 providing a degrading device which degrades the fluid with minimum 

7 pressure drop; 

8 creating an initial temporary degradation of a circulating fluid in a flow of 

9 said fluid in said heat exchanger; and 

10 after said fluid is initially degraded, creating additional disturbances in said 

1 1 flow to prevent recovery of the fluid. 

1 1 9. The method of claim 1 8 where a smaller pressure drop than the 

2 one used for said initial degradation upstream of heat exchanger is used to 

3 create said smaller disturbance. 

1 20. The method of claim 1 9 where conditioning said drag reducing fluid 

2 properties of said drag reducing surfactant fluid with a faster recovery to achieve 

3 asymptotic drag reduction immediately downstream from said heat exchanger. 

1 21. The method of claim 19 where conditioning said drag reducing fluid 

2 properties of said drag reducing surfactant fluid by pipe stress to use shear 
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3 stress generated by said heat exchanging fluid paths of said heat exchanger to 

4 degrade said fluid. 



1 22. The method of claim 9 where conditioning said drag reducing fluid 

2 properties of said drag reducing surfactant fluid by pipe stress to use shear 

3 stress generated by said heat exchanging fluid paths of said heat exchanger to 

4 prevent said fluid degraded by said degrading device from recovering. 

1 23. The improvement of claim 2 further comprising maintaining flow 

2 rate of said heat exchanging fluid in said hydronic system, while flow rate of said 

3 heat exchanging fluid in said heat exchanger is increased in the heat exchanger 

4 through the addition of a secondary pump located in parallel with the heat 

5 exchanger and connected to the iniet and outlet of the heat exchanger. 



1 24. A fluid comprising: 

2 a base component; and 

3 a surfactant having drag-reducing, fluid degradation, and fluid recovery 

4 properties which are substantially independent of temperature when combined 

5 with said base component. 

1 25. A method of characterizing degradability of a fluid and degradation 

2 work imposed on a fluid comprising: 
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3 providing a flow of said fluid; 

4 providing a degrading device in said flow to degrade said drag reducing 

5 properties of said fluid; 

6 creating a pressure drop across said degrading device; and 

7 measuring said pressure drop as an indicator of resistance to degradation 

8 of said drag reducing properties in said fluid, as well as an indicator of the 

9 degradation work imposed on the fluid. 

1 26. A method of managing degradabiiity of a fluid and degradation 

2 work imposed on a fluid comprising: 

3 providing a flow of said fluid; 

4 providing a degrading device in said flow to degrade said drag reducing 

5 properties of said fluid; 

6 creating a pressure drop across said degrading device; and 

7 providing a predetermined amount of time after degradation of said drag 

8 reducing properties of said fluid to allow recovery of said fluid without additional 

9 degradation work being performed, said predetermined amount of time being 
1 0 independent of velocity of said fluid . 

1 27. A method of increasing heat transfer in a hydronic system having a 

2 heat exchanger over nominal design limits, said heat exchanger having a heat 

3 transport fluid therein which is characterized by a heat transfer rate, comprising: 
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4 adding a surfactant to said heat transport fluid to reduce drag in said 

5 hydronic system; 

6 providing a flow of said heat transport fluid and said surfactant through 

7 said heat exchanger at an increased rate over said nominal design limits; and 

8 providing a degrading device in said flow in said heat exchanger to 

9 degrade said drag reducing properties of said surfactant in order to increase said 
1 0 heat transfer rate of said heat transport fluid in said heat exchanger. 
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